ABSTRACT. In order to decipher the amino acid (AA) balance in the dairy cattle with left displaced abomasum (LDA), blood samples were obtained from thirty LDA and 12 healthy control cattle. Plasma from LDA cattle exhibited significantly higher free fatty acid and -hydroxybutyrate, lower glucogenic AA, such as methionine, alanine and serine, and higher ratio of ketogenic AA among blood free AA, such as leucine and lysine. The Fischer ratio, phenylalanine and albumin were similar to control cattle. These results suggested that LDA cattle were in negative energy balance, but AA metabolism and protein synthesis were within a normal range. Lower glucogenic AA was due to the higher gluconeogenesis, and higher ketogenic AA was due to higher ketogenesis.
Left displaced abomasum (LDA) is one of the common periparturient diseases in dairy cattle. LDA is mostly observed in the early stage of lactation and it causes a low productivity. Cattle with LDA often develop complications with other diseases such as fatty liver and subclinical ketosis, and result in a negative energy balance (NEB) [6] [7] [8] .
When cattle are in a chronic NEB, body fat is mobilized as free fatty acid (FFA) in order to provide energy [1, 2] . This results in high blood FFA and ketone bodies. Many biochemical studies of LDA have focused on the metabolism of fat and glucose, but there has been no report of amino acid metabolism in the cattle with LDA.
When animals are malnourished, metabolic changes affect both carbohydrates and amino acids. It is reported that adult humans could mobilize skeletal muscle as a source of amino acids during starvation, and mobilized glucogenic amino acids, such as alanine and glutamine, were used for gluconeogenesis [13] . Under chronic NEB conditions, mobilization of muscle tissue in dairy cattle might be exhausted. However the metabolism of amino acids in the dairy cattle with LDA, which often accompany malnutrition, has not been clarified. In order to understand the nutritional condition of LDA in detail, it is necessary to clarify the amino acid metabolism in addition to fat and glucose metabolism. In the present study, we focused on changes in blood basic amino acid, and blood free amino acids (FAA) in LDA cattle.
Forty-two Holstein cattle in 18 herds were examined in the present study. Thirty cattle developed LDA after calving (LDA cattle; age: 44.5  21.0 months, parity: 2.9  1.7 times), and 12 cattle remained healthy from 30 days before calving until 60 days after calving (Control cattle; age: 49.7  9.5 months, parity: 2.9  0.9 times). LDA was diagnosed at 14.4  1.3 days after calving. Owners of LDA cattle did not notice reduced appetite in those cattle until one day before the diagnosis. These cattle were not treated for ketosis or other diseases, and LDA was confirmed by a veterinarian using ping test and laparotomy. All LDA cases were successfully corrected upon surgery. Control cattle were randomly selected from 4 herds out of 18 herds where LDA cattle were kept. All cattle calved between November 2006 and April 2007. All cattle were kept in the tie-stall barns with separate feeding of roughage and concentrate.
Blood samples were obtained from the LDA group when cattle were diagnosed LDA. The blood samples of healthy control cattle were obtained at similar days after calving (14.6  0.9). Blood samples were collected from the jugular vein into heparin containing vacutainer tubes for amino acid analysis, and into EDTANaF containing tubes for plasma glucose analysis. Blood samples were placed in iced water. Plasma was isolated within 45 min after collection and kept at -80C until analysis.
Plasma amino acids were analyzed using an amino acid automatic analyzer (JIC-5/V, Nippon Electron, Co., Ltd., Tokyo, Japan). All analyzed amino acids and their abbreviations are listed in Table 1 .
Plasma biochemical analysis was performed using an auto analyzer (Hitachi 7170, Hitachi Co., Ltd., Tokyo, Japan) for the following profiles: Aspartate aminotransferase (AST), -glutamyl transpeptidase (-GTP), -hydroxybutyric acid (BHBA), free fatty acid (FFA), blood glucose (GLU), total cholesterol (TC), total protein (TP), albumin (Alb), blood urea nitrogen (BUN), calcium (Ca) and inorganic phosphorus (iP). Ca was analyzed by colorimetry, and all other parameters were analyzed using enzyme assays.
All data are expressed as mean  SD. Statistical analysis was performed using F-test in order to examine the normal distribution. The data with normality underwent Student's t-test, whereas data without normality underwent Welch's ttest. The difference was considered significant at P<0.05.
Plasma biochemical analysis showed significantly high AST, -GTP, BHBA and FFA in the LDA group compared to the control group. BHBA and FFA in the LDA group were more than three times higher than those in the control group. On the other hand TC and Ca were significantly lower in the LDA group (Table 2) .
T-AA in the LDA group was significantly lower than the control group, and BCAA was also lower but it was not statistically significant. In the comparison of each amino acid, Val, Ile, Trp, Met, Arg and His (these belong to EAA) and Tyr, Ala, Gly, Ser, Pro, Gln, Asp, Asn and Orn (these belong to NEAA) were significantly lower in the LDA group. Although it was not statistically significant, Lys was also lower in the LDA group. Leu, Phe and Glu were slightly higher in the LDA group but differences were not significant. 3M-His was similar in both groups (Table 3 ). In the comparison of amino acid ratios, the LDA cattle had a significantly lower ratio of T-GAA to T-AA. Whereas the ratio of T-KAA to T-AA was significantly higher in LDA cattle, and a ratio of T-GKAA to T-AA was not significantly different.
We examined plasma FAA in order to understand the metabolism of amino acids in the LDA cattle after calving. The LDA group had significantly higher AST, -GTP, FFA and BHBA [10] , and significantly lower TC [9, 10] and Ca [12] , similar to the former reports. These results proved that LDA cattle were in NEB. Most data of EAA in the control group were similar to those reported for cattle without fatty liver at 14 days after calving [16] . Kamiya et al. experimentally generated NEB in non-pregnant non-lactating dairy cattle by fasting, and they reported the enhanced catabolism of muscle fiber protein and increased consumption of glucogenic amino acids [11] . In the present study the LDA cattle had lower T-EAA,T-NEAA, T-AA, Trp, Tyr, Ala, Ser, Asn and most of the glucogenic amino acids compared to the control cattle, which suggested the higher consumption of amino acids for gluconeogenesis in the LDA cattle. Blood T-AA of periparturient dairy cattle are influenced by EAA and NEAA as well as milk yield and feed intake [17] . EAA are reported as precursors of NEAA [4] . Lower plasma T-AA, T-EAA and T-NEAA in LDA cattle may be due to lower dry matter intake, milk production, and higher metabolism and consumption of amino acids. Significantly higher BHBA in LDA cattle suggests that those cattle were in chronic deficiency of net energy. The main source of amino acids in the animals with those deficiencies is the muscle [13] . The lower levels of amino acids in LDA cattle may be due to the insufficient mobilization of amino acids from the muscle, or due to consumption surpassing the mobilization. In order to maintain the blood glucose level under a starving condition, the glucose-alanine cycle is initiated. The main amino acid used for gluconeogenesis is Ala. Ala is synthesized by addition of an amine group to pyruvate, which is derived from skeletal muscle. Ala is transported to the liver and the amine group is transformed back to pyruvate, which is used for gluconeogenesis [3] . We found a significantly lower T-GAA/T-AA ratio in LDA cattle, but no significant difference in plasma glucose. We speculate that most glucogenic amino acids, including Ala, were consumed for gluconeogenesis. Although Ser, Gly and Thr are also converted to pyruvate and used for gluconeogenesis [15] , these amino acids are also used for Acetyl CoA synthesis. Lower Ser, Gly and Thr in LDA cattle with high BHBA suggest that these amino acids were used for both gluconeogenesis and ketone body synthesis.
Aromatic amino acid, such as Phe and Tyr are metabolized in the liver. In the case of liver diseases, there is a decrease in protein synthesis thus a decrease in uptake of these amino acids into the liver resulting in a higher blood concentration. BCAA is metabolized in the skeletal muscle not in the liver. Blood level of BCAA does not increase in the case of liver diseases, resulting in the lower Fischer ratio [14, 18] . In the present study, there were no significant differences in the Fischer ratio, Phe and Alb although AST and -GTP were significantly higher in LDA group. It suggested that amino acid metabolism and protein synthesis in the liver were maintained similarly in LDA cattle to control cattle. Met is the most difficult EAA to be maintained at the required blood level in dairy cattle. Shibano et al. reported that the characteristic feature of cattle with fatty liver was a significant decrease in Met after parturition [16] . Lower Data are expressed as mean  SD. *: The significant difference between two groups examined by Student's ttest (P<0.05). **: The significant difference between two groups examined by Welch's t-test (P<0.05).
Met in LDA cattle in the present study might be caused by lower appetite and higher consumption of Met since there was no difference in amino acid metabolism in the liver. In the ratio of amino acid, T-KAA/T-AA was significantly higher in LDA cattle. This suggests that Leu and Lys were also used for ketone body synthesis in addition to FFA in LDA cattle.
The present study indicated that LDA cattle were in NEB and there were variations in the plasma amino acid profiles.
Various factors develop LDA in dairy cattle [5] . We could not determine the effect of various factors on amino acid metabolism. Further studies are needed to define the association between LDA, energy metabolism, and amino acid metabolism in LDA caused by different factors.
